Introduction
The changing geopolitical constellation at the end of the Cold War and the increasing threat from international terrorist organizations necessitated the re-evaluation of many countries' national defense strategy. For many of the prominent military powers, the threat of a border invasion has been replaced by threats from overseas for which the Cold War-era deployment strategies are ill-suited. In recent years, the emphasis has shifted away from large bases within a country towards small and mobile strike forces capable of conducting "expeditionary warfare", i.e., the ability to maintain a theater of military operations abroad, either for peacekeeping purposes or otherwise. This was one of the explicit objectives of the reform of the armed forces in countries such as the UK, France, and Germany.
As a result of the change in the nature of the threat to domestic security as well as fiscal considerations, massive realignments of military personnel and comprehensive programs of base closures and conversions or reuse were implemented in many countries. Up until the First Persian Gulf War in 1991, US budgetary allocations for defense and military spending was shrinking as a share of the total budget. Sweden experienced a substantial reduction in the size of its armed forces during the 1990s, with many of its bases shut down. Canadian Forces dropped from around 90,000 in the 1980s to its current level of around 65,000. In 1993, the UK had 274,800 active personnel; by 2006, it was down to 195,900. France and Germany are in the process of shutting down redundant bases. The drawdown in military personnel and the closure of non-essential military bases are occurring in many other countries as well.
These developments are a concern of public policy to the extent that these bases may positively contribute to the local economy in which they are situated. While bases are typically founded on strategic motives, civilian economic activity has nevertheless tended to flourish in its periphery [Andersson, Lundberg and Sjöström 2007] . For example, the maintenance of the military base is associated with at least some demand for local goods. Bases also contribute to tax-revenue generation within local communities. As Hooker and Knetter [2001] point out, the presence of a military base contributes directly to military and civilian employment in the area, the latter through support jobs catering to the maintenance and operation of a military base. In base locations that are somewhat isolated, the base may be the only major source of employment [Andersson, Lundberg and Sjöström 2007] . The base also necessitates an improvement in the surrounding infrastructure for the obvious purpose of accessibility. In countries with compulsory military service, such as in Germany, which we examine here, draftees often travel to and from the base on weekends. A closure would naturally affect the local and regional transportation infratructure. In practical terms, the base could be considered as a form of regional subsidy from the federal government to the local community. A base closure may therefore be construed as a negative demand shock, which could ultimately translate to a worsening of socioeconomic indicators, such as household income, regional output, and unemployment.
The magnitude of such an effect, of course, depends on many factors, not the least of which is the degree of integration of the base with the local economy.
There are both direct and indirect effects induced by a base closure. The obvious direct effect is the immediate loss of employment for those who work on or in support of the military base. The (off-base) indirect effects include "altered patterns of industry and worker expenditures on local inputs and outputs" [Poppert and Herzog Jr. 2003 ]. Local governments also respond to the base closure by converting and re-using the base for civilian purposes. This poses some difficulties for bases that were set up in regions that are sparsely populated and isolated. In the US, for example, a base in the middle of the desert may not be easily converted for civilian use [Brauer and Marlin 1992] . Note further that a subsidy artificially changes the relative prices of inputs (and, by implication, outputs) in a regional economy. Labor, for example, is cheaper when using conscripts as opposed to relying on volunteers. A base closure could therefore result in a reallocation of resources to more productive uses, which could have a positive effect on some economic outcomes.
A few case studies look at the impact of base closures in the US (e.g., Dardia et al. [1996] , Hill [2000] , Soden, Schauer and Conary [2005] , and Thanner and Segal [2008] ). While informative and quite important in their own right, evidence obtained from this line of research can hardly be generalizable by design. An indication of this is the varied conclusions that these studies have reached. While a few found substantial negative impacts of the base closures, others have indicated that the local communities have been quick to adapt to the change in economic landscape. That there are varying impacts imply that we cannot simply set aside these case studies for lack of generalizability. On the other hand, econometrics-based research such as Krizan [1998] , Hooker and Knetter [2001] , and Poppert and Herzog Jr. [2003] for the US and Andersson, Lundberg and Sjöström [2007] for Sweden have been quite unambiguous in their findings: that the base closures had either no significant regional impact or a small impact that quickly vanishes over time.
This paper contributes to the literature by examining the causal impact of base realignments and closures (BRACs) in Germany. We do so in at least three important ways. First, while studies for the US are numerous, it is not straightforward that the findings across the Atlantic will necessarily apply in Germany, where military deployment is characteristically different from its American counterpart (e.g., German military installations are substantially smaller than bases in the US or American bases in Germany). Second, the implementation of BRACs in Germany is programmed to span [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] , and now is a good opportunity to provide an interim evaluation of the impact of such a program. Third, many other countries are going through a phase of BRACs or at least are considering it. The results obtained in this study can be useful in guiding policymakers in those countries for which the economy and original military deployment is similar to that of Germany. It could also be useful for those countries intending to follow the German model of military deployment.
We also improve on the previous studies in a number of ways. First, the process of BRACs in Germany is less politicized than in the US, from where most of the existing studies originate. The study therefore does not suffer from the typical endogeneity bias that would have otherwise prevailed had the BRACs been associated with unobservable variables that are also correlated with our explanatory variables. For example, the degree of political resistance to a closure decision might be related to the economic situation in a particular area. A depressed area that relies solely on a military base for employment and income might offer stiff resistance to any planned closure of a base. If some planned closures were not carried out because of the potential political fallout, this would make getting an unbiased estimate of the effect of base closures extremely difficult if not impossible given the available data.
The US program for BRACs was controversial and mired with political overtones. Therefore, authors looking at the effects of the military drawdown in the US must contend with the fact that the sample of bases that were closed is selected [Hooker and Knetter 2001] : perhaps those bases that were successfully closed belong precisely to those communities that could quickly adapt to such a change in the local political and economic landscape. Conversely, those communities that could potentially suffer the most from a base closure mounted a successful opposition against a threat of closure. In Germany, the BRAC program was met with little or no resistance. The decision on which bases to close or shrink was entirely based on military considerations as opposed to socioeconomic ones. As a result, most base closures and reductions went as scheduled.
Another improvement is that we derive our results by estimating our econometric models based on buffer zones around the bases generated by geographic information system (GIS) software. This overcomes the problems related to the arbitrariness of politically delineated territories. For example, the closure of a base located at the border of a particular municipality cannot be expected to have the same impact 30 km away on the opposite side of the same municipality as its impact on a neighboring municipality 5 km away.
Overall, the results indicate that the military drawdown in Germany, as captured by the BRAC program adopted by the Ministry of Defense, has had no significant impact on the economic development of the communities around the base as measured by household income, regional output, the unemployment rate, and revenues from the value-added tax (VAT) and income tax. This provides a useful insight for policymakers considering a future reduction of military forces. The so-called "peace dividend"-the economic benefits arising from times of peace-may be usefully spent elsewhere rather than ameliorating the non-existent negative impacts of base closures.
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The Federal Armed Forces of Germany
The Cold War facilitated the entry of what was then West Germany into the North Atlantic Treaty Organization (NATO), which allowed the Federal Republic to rearm itself after World War II. At the height of the Cold War, West Germany's Federal Armed Forces (Bundeswehr) had 495,000 military and 170,000 civilian personnel. The Bundeswehr is similar to most other armed forces around the world. Its strike forces consists of five branches: Army, Navy, Air Force, Joint Support Service, and Central Medical Service. 1 Excluding the reinforcement reserves, it has a current strength of about 258,000 military personnel, of which 200,500 are professional soldiers, 55,000 are conscripts, and 2,500 are active reservists. Those who are not on foreign missions are distributed domestically to about 500 active military bases located all over Germany.
The end of the Cold War, the fall of the Berlin Wall, and the increasing involvement of Germany in other multinational missions (notably for the United Nations) prompted a reconsideration of the deployment of military personnel. In response to the new defense landscape, as well as the desire to reduce defense expenditures, Germany recently embarked on a rationalization plan for the Bundeswehr. In 2001, the Federal Ministry of Defense adopted the Departmental Deployment Concept (Ressortkonzept Stationierung), which outlined these changes. This included an 18-percent drawdown of core military personnel from 353,577 to 290,175 and a closure of 187 bases from 575 to 388. This also included a shrinkage of 177 bases, though 90 bases had a planned increase in personnel. These changes are to be implemented in the period 2003-2011.
In a related development, the new Defense Policy Guidelines (Verteidigungspolitische Richtlinien) adopted by the German Parliament in 2003 changed the primary tasks of the Bundeswehr into international conflict prevention and crisis management. In practical terms, the Bundeswehr was transformed from being a territorial defense force into a rapidly and internationally deployable intervention force. 2 The rise of international terrorist organizations and greater integration in Europe have made an invasion of Germany by its neighbors an unlikely event. Instead, Germany faces military commitments from as far away as Afghanistan, where it is part of the NATO-led International Security Assistance Force (ISAF) established by the United Nations Security Council. Germany is the third-largest contributor of military personnel to the ISAF, next to the US and the UK. Aside from the ISAF, it has active participation in Kosovo, Bosnia and Herzegovina, and Sudan. Sea-based missions include those over the Indian Ocean (Horn of Africa) and at the coast of Lebanon. The spatial information contained in the data raises several possibilities for linking the socioeconomic measures with military variables. The most direct linkage is to assign each military base the socioeconomic information of the Kreis in which it is situated. However, this approach is deemed problematic because it takes no account of conditions in neighboring Kreise. To the extent that these conditions vary from those of the Kreis containing the military base, important information may be lost. This problem may be particularly acute for cases in which a base is in a Gemeinde that directly shares a border with a neighboring Kreis. Such a situation is illustrated in Figure 1 , where the Gemeinde, indicated by the crosshatch pattern, is located along the southern boundary of its Kreis, indicated in gray. Two other Kreise are located directly to the south and south east.
Data description
[FIGURE 1]
To incorporate the information from the home and surrounding Kreise, we use a Geographic Information System (GIS) to draw a circular buffer around the centroid of the selected Gemeinde. The area of the buffer's overlap with each of the Kreise contained therein is calculated and then divided by the total area of the buffer. This quotient is used to construct a weighted sum of the information in each of the surrounding Kreise for the variables used in the analysis. This approach is similar to Banzhaf and Walsh [2008] , where the authors try to overcome the same difficulties encountered here but with US census data. For example, taking the unemployment rate, the calculation for Figure 1 would draw on three weights corresponding to the overlap of each of the three Kreise in the buffer:
where the subscripts i and j denote the Kreis and buffer zone, respectively. Note that the weights, given by the first term in parentheses, sum up to 1. This calculation applies to just about all military bases in the dataset, i.e., most buffer zones cover more than one Kreis. One advantage of this approach is that, by adjusting the size of the buffer, it allows us to readily test the robustness of the results according to the scale of the analysis. We set the radius of the buffer at 12 km, which is the average commuting distance in Germany, and at 20 km to validate the robustness of the estimates. We also estimate the models using the untransformed data. That is, we use the politicallydelineated district (at the Kreis level) the base is in as the unit of analysis instead of the local community surrounding the base. One reason why this approach is relevant is that the creation of the buffer zones disregards natural borders between Kreise, such as rivers and mountains. In Table 2 , the top 10 Gemeinden in terms of the number of military personnel in 2003 are shown. In the dataset, the largest base, which is located in Koblenz in Rheinland-Pfalz, has a personnel complement of 8,830. Düsseldorf in NordrheinWestfalen comes next at 3,020 military personnel, which is quite a big difference compared to the base in Koblenz. Of the top 10 bases, two were eventually closed by 2007 (Memmingerberg in Bayern and Kappeln in Schleswig-Holstein) while another two experienced merely a reduction (Hammelburg in Bayern and Sigmaringen in BadenWürttemberg). Table 2 illustrates further that the personnel complement in each base is not a substantial part of the population, except the base in Koblenz, where the share approaches 10 percent. Typically, the range is between 1 to 2 percent.
[TABLE 2]
To get an indication of the differences between zones where bases eventually closed and zones where there were merely reductions in military personnel (in the dataset, all military bases experienced at least a reduction in military personnel), we test the equality of means of various indicators between the two groups using the first and last year they are observed in the dataset, i.e., 2003 and 2007. The results of the tests are presented in Table 3 . For all cases, we find no significant difference between the two groups for both years. The test results from 2003 indicate that these two groups are comparable with each other, which minimizes the possibility of an omitted variable biasing our results, while the 2007 results give a preview of the conclusions obtained from regressions described in the subsequent section. The idea is that, in recovering the effect of a base closure on a particular outcome variable of interest from observational data, one must compare the outcome for a community around a base that closed to what would have happened had that particular base not closed-the counterfactual. Since the counterfactual is never observed, we rely on other communities around bases that did not close to serve as a control group, with which we can compare the outcome for the treated units (where bases did in fact close). These control units should ideally be similar in observed and unobserved characteristics to the treated units before the treatment occurred. That these units are similar in observed characteristics, as demonstrated by the equality-of-means tests, makes it much more likely that they are also similar in unobserved characteristics. Naturally, since the discussion is about the unobserved, one can never be entirely certain, but this applies just as well to all studies that use observational data.
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Estimation strategy and results
A least-squares regression is used to estimate the impact of the number of military personnel on the outcome variable of interest within the periphery of the base. This framework is expressed in the following econometric specification:
where y it is a particular socioeconomic indicator for buffer i in year t, DP i, t−1 is the number of military personnel (Dienstposten) in buffer i in the previous period (rescaled by dividing by 10,000), x it is a vector of control variables, z t is a vector of bufferinvariant year fixed effects, and e it is a random error; α, δ, β, and θ are a set of parameters and parameter vectors to be estimated. The estimate of δ represents the causal effect of base realignments and closures (as measured by the once-lagged number of military personnel) on the outcome variable.
We estimate the model in a partial-equilibrium context for the following outcome variables: household income, regional output (GNP), the unemployment rate, and revenues from VAT and income tax. The annual real household income, real GNP, and VAT and income-tax revenues are logarithmized so that a 1-unit increase in the independent variable translates to a δ-percent change in the outcome variable for these four cases. The set of control variables included in x it are real GNP per capita, disposable income per capita relative to the national mean, population density, the share of employed people, the share of men who are 15 to 25 years old in the population, the share of immigrants in the population, and a dummy for buffers located in the former East Germany. These variables have been used in the literature to control for other factors that affect regional development other than the presence of a military base [Andersson, Lundberg and Sjöström 2007] . To avoid spurious correlations, the variables contained in x it change with respect to the outcome variable of interest. For example, disposable income per capita relative to the national mean is not included in the regressions for annual real income but are included in the other regressions.
While the possibility of omitted-variable bias can never be completely ruled out, we ascribe a causal interpretation to the estimated coefficient δ that is free of biases otherwise emerging from the correlation of DP i, t−1 with the error term in Equation (1). This is because the decision to realign the base personnel is based on strategic military considerations that are unrelated to the local socioeconomic dynamics that govern the community around the base. As Brauer and Marlin [1992] point out in their survey of the studies in the US, "communities, firms, and labor seldom set about reducing their military dependence in the absence of actual or imminent military cuts. Conversion is usually 'forced from above' by the cuts and the affected actors apply little forethought in anticipating changes in military orders." 3 The same is true for Germany, where closures were met with little or no resistance. Nevertheless, the variable enters the equation once-lagged since the likely effect of the personnel changes does not materialize instantaneously. As a matter of inference over the parameter estimates, we allow for an arbitrary covariance structure within each buffer through time by reporting heteroskedasticity-robust standard errors clustered at the buffer level.
The above discussion nevertheless does not rule out the possibility that there are characteristics specific to an economic community that both could affect the outcome variables of interest and are simultaneously unobserved at least by the econometrician. Therefore, to check the robustness of our results, we include buffer-specific characteristics that could possibly be correlated with the regressors by augmenting Equation (1) with a time-invariant linear fixed effect φ i , which may or may not be orthogonal to the disturbance term e it :
(2)
The model is then estimated as a standard fixed-effects regression model. Tables 4, 5 , and 6 present the regression results following OLS and FE estimates of Equations 1 and 2, respectively. Based on the OLS regressions, we find no significant impact of base closures on the local economy. The same result is observed for the FE regressions, except for the model of real income tax and real value-added tax for the 12-km buffer and the untransformed data, respectively. Both are significant at the 10-percent level. A 10,000-person increase in military personnel depresses real income tax by about 12 percent within a 355-sq. km. area around a base. The same increase would lead to a decline in VAT collection of about 4 percent using the untransformed data. While this results are at first blush counterintuitive, it may reflect the possibility that military bases deflect resources from other more productive activities. That is, the extant resource allocation in the regional economy is suboptimal and the closure of the military base pushes capital and labor towards more productive uses. Taken together, these results thus suggest that base closures have a negligible impact on economic activity. 4 [TABLES 4, 5, 6] 
Conclusion
The base realignments and closures in Germany and in many other countries highlight the important issue of whether such rationalization programs have an impact on local communities. Throughout its lifespan, a base may integrate itself into the community in which it is located. Such a base contributes to the community's stability and economic development so that when closed, it can severely impact an area's economy. Based on case studies in the US, this has indeed happened. It therefore raises a number of relevant questions for public policy. For example, what type of bases can be closed with the least negative impact to the community (and how should it be closed and possibly converted for civilian purposes)? Should policy instruments be used to compensate for the effects of any closure? How quickly does the community adjust to such an exogenous shock? Answers to these and other similar questions can guide policymakers in countries attempting to reconfigure their armed forces.
We find that in Germany, base closures hardly made a dent on the local economy. Base closures that happened as part of the modernization of the German armed forces beginning in 2003 have had no significant socioeconomic impact on its surrounding community. A few notable features of German military bases contribute to this result. Not the least of these reasons is the fact that German bases are much smaller compared to, say, American bases both in the US and in Germany. In case studies looking at the impact of base closures in the US, those that have had a substantial impact typically involve a closure of a large base. In contrast, the largest base that closed in our dataset is located in Memmingerberg in the county of Unterallgäu, Bayern. At the start of the period of analysis, the Memmingerberg base had a personnel complement of 2,036, which represents 1.5 percent of the population.
the Territoriale Wehrverwaltung. 5 Beyond that, closed bases are also rapidly reused for civilian purposes in Germany. One base (Lüttichkaserne, Hessen) is being transformed into a historic train ride; another (Ledebur-Kaserne in Niedersachsen) will be converted into a hospital complex with a planned investment of e 80 million; and yet another (Marinestützpunkt Olpenpitz in Schleswig-Holstein) is being marketed as a major tourist attraction called "Hafencity" complete with a yacht club (and a planned investment of e 500 million). 6 In the conversion and reuse of these bases, new employment is generated and those who lost their jobs may be re-employed, which mitigates the negative impacts of base closures. These new (civilian) development projects presumably also induce a substantial increase in tax revenue as reflected by the estimates presented above.
Given that defense and military strategies are permanently in flux in a rapidly changing geopolitical configuration, some countries might find it advantageous to rethink their current deployment strategies to take into consideration the effects of a possible drawdown of military strength in the future or indeed also a possible escalation of defensive forces in response to new and resurrected threats. Germany provides a valuable lesson in this regard. The deployment strategy of the Bundeswehr seems especially suited for upscaling and downscaling military bases without damaging the surrounding communities. This flexibility is conducive to economic growth and ultimately contributes to the country's security. Tables   TABLE 1 -TIMELINE 
